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The visitors making the annual spring pilgrimage to the San 
Francisco Materials Research Society Meeting were greated by 
sunny and relatively warm weather, perhaps a mirror to the 
changes in the fields of epitaxy and nitride semiconductor 
processes. Over 2000 attendees arrived from around the world to 
find accommodation in short supply in this popular location with 
more than a third of them heading for the three symposia 
covered below. 
A 
wide range of topics were 
presented in Symposium B
with most papers relating to 
silicon device technology. Non-silicon 
related papers included the epitaxial 
deposition of." III-Vcompound semi- 
conductors; silicon-germanium; sili- 
con carbide; rhodium films; yttrium- 
bar ium-copper super-conducting 
films; and zinc cadmium sulphosele- 
hide for blue-green lasers. 
The most newsworthy topic in this 
symposium is the fairly recent applica- 
tion of 'surface active agents' such as 
tetraethyl silane, antimony, bismuth 
and most recently arsenic to modify 
epitaxial growth conditions. 
The use of these surfactants can af- 
fect the layer morphology in both two 
and three dimensional directions, in 
crystallinity and in crystalline form. 
For example: tetraethyl silane as a sur- 
factant changes quantum dot growah 
parameters; bismuth changes MBE 
growth from 2D to 3D as the number 
of quantum wells increased. 
LPE SiC in space 
The results of a liquid phase epitaxy 
space-grown silicon carbide experi- 
ment were also presented in Sympo- 
sium B. Rositza Yakimova reported 
the outcome of a joint programme 
from the Swedish Space Corporation 
and Linkoping University in which si- 
licon carbide was grown from scan- 
dium solution under micro gravity 
"there is no technical im- 
pediment to the produc- 
tion of large gallium 
arsenide wafers" 
conditions in the anticipation of lower 
defect level material. Unfortunately, 
the space-grown carbide had higher 
levels of scandium inclusions than the 
gravity-grown. Perhaps later experi- 
ments can prove beneficial by modify- 
ing the growth conditions. (see III-Vs 
Review, vol.9, no.10, p. 54) 
Symposium C, almost exclusively 
devoted to the production of gallium 
arsenide based commercial electronic 
devices, appeared to start off with 
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good news for all GaAs circuit produ- 
cers (from the substrate wafer point of 
view) since, according to David Miller 
of Airtron, there is no technical impe- 
diment o the production of large gal- 
lium arsenide wafers. 150 mm diameter 
wafers are in use today and 200 mm 
product could be available at short no- 
tice. The price per sq. cm will vary little 
for either of these diameters. Addi- 
tionally, the production of 10" dia- 
meter  GaAs wafers has a l ready 
become a reality for the manufacture 
of wavelength-specific windows. 
David also stated that by using 150 
mm diameter GaAs wafers it is possi- 
ble to make some ICs at a lower cost in 
gallium arsenide than it is for a similar 
silicon based chip, because the semi- 
insulation GaAs process requires less 
process steps and less demanding 
lithograph F 
The availability of 150 mm GaAs 
wafers in quantity has become an im- 
portant factor in device production, 
since equipment to handle 100 mm wa- 
fers is often now either unobtainable 
or a special order item. There also ap- 
pears to be an added value from using 
150 mm wafers (preliminary data) in 
that better wafers and device results 
are obtained. 
The larger GaAs wafers are also 
leading a trend towards using notched 
wafers instead of the usual flats for 
alignment purposes, because the wafer 
flats in the more dense gallium ar- 
senide cause imbalance vibrations 
during high speed wafer rotation in 
chemica l  d i spense  operat ions .  
Notches instead of alignment flats are 
also being considered for large dia- 
meter silicon wafers for the same rea- 
sons. 
MBE HBT$ 
Multi-wafer MBE device production 
is now fairly common for GaAs com- 
pound semiconductor devices with at 
least one manufacturer delivering over 
3 million HBT ICs per month. These 
are based on mature HBT technology 
where the emitter etch has become the 
most important process tep, and to 
quote, these devices "are very stable 
and provide very good linearity." 
The forecast for this device group 
appears to be so strong - supported 
by the growing cellular phone and 
wireless markets - that the company 
anticipates adding one multi-wafer 
MBE machine about every three 
months for the foreseeable future. 
Current development efforts are 
focused on indium phosphide HBTs 
which have the potential to provide 
lower power consumption, higher op- 
erating temperatures and lower 1/f 
"Probably the most im- 
portant development in 
the whole MO VPE process 
field, and also for gallium 
nitride device manufac- 
ture in particular, is the in 
situ monitoring of MOVPE 
processes" 
noise at the higher (20-60 GHz) fre- 
quencies. 
GaAs-based commercial electro- 
nic devices include three main pro- 
duct categories, digital integrated 
circuits, 'HBTs and HEMTs, plus the 
optoelectronic devices, almost all hav- 
ing the capability and superior perfor- 
mance to operate at frequencies above 
800 MHz.Various aspects of the device 
production process were covered, in- 
cluding substrate wafers, epitaxy, di- 
electrics and metallization. 
Most digital GaAs ICs are manu- 
factured by ion implantation of semi- 
insulating substrate materials, whereas 
FET, HBT, HEMTand optoelectronic 
device production is based on multi- 
layer epitaxy. In all cases the papers 
were emphasizing the importance of 
reproducibility and reliability of the 
devices. Notable process techniques 
reported were an A1GaAs passivation 
ledge for HBTemitters. AlAs etch stop 
layers of only 15 A thickness in a state 
of the art 0.25 micron T-gate process, 
and the use of cobalt germanide as a 
non-alloying ohmic contact layer. 
GaO and GaS 
An interesting review of compound 
semiconductor interfaces was given 
by Hideki Hasegawa showing that the 
int roduct ion of  interface control  
layers (ICLs) can greatly reduce inter- 
face defects for metal-semiconductor 
and insulator-semiconductor inter- 
faces. One example was the use of a 
gallium oxide ICL deposited by the 
electron beam radiation of  gadoli- 
nium gallium oxide to improve GaAs 
device parameters. Perhaps even more 
intriguing was the use of a silicon in- 
terface layer to lower A1GaAs surface 
states to the 1 × 101° range, a level 
now very close to state of the art sili- 
con technology. 
In one example, a silicon interface 
layer on A1GaAs improved the photo- 
luminescence 140 times over the stan- 
dard  semiconductor - insu la tor  
photoluminescence. Hideki also re- 
ported a pulsed electrochemical pro- 
cess to produce a stoichmetric oxide 
allowing some control of the Fermi le- 
vel pinning. 
On the dielectric front, native 
oxide technology has improved to 
where the first compound semicon- 
ductor MISFET has been reported 
and X. Zhu from the University of 
Southern Illinois proposed that gal- 
lium sulphide should be an ideal passi- 
vat ion/d ie lect r ic  layer for GaAs 
devices. 
In Zhu's process a 20-50 A thick 
film of GaS was obtained by the exci- 
met laser photochemical treatment of 
d00> GaAs surfaces with hydrogen 
sulphide. The displaced arsenic atoms 
also combine with sulphur to leave the 
surface as arsenic sulphide. The incor- 
poration of sulphur into a device sur- 
face by amminium sulphide treatments 
at 50°C was also reported, improving 
the stability of an InA1As diode when 
applied before either gold-germa- 
nium-nickel or molybdenum etali- 
zation processes. 
Symposium D dealt with the hot- 
test emporal topic, namely gallium ni- 
tride processes and devices, a topic 
also well covered at the later Dana 
Point OMVPE Meeting (see next re- 
port). Probably the most important de- 
ve lopment  in the whole MOVPE 
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process field, and also for gallium ni- 
tride device manufacture inparticular, 
is the in situ monitoring of MOVPE 
processes, long a monopoly of the 
MBE growth process. 
The trend was detected in San 
Francisco with just one paper, given 
by Jung Han from Sandia about in situ 
optical reflectance monitoring of ro- 
tating disk MOVPE and one supplier 
(Thomas Swan) noticeably offering 
growt h monitoring equipment. How- 
ever, two weeks later at the Eigth Bien- 
nial Workshop on OMVPE in Dana 
Point, more papers were to be pre- 
sented, device manufacturers reported 
the use of monitoring processes and 
several companies were offering the 
relevant surface monitoring equip- 
ment. 
Defects and PL in GaN 
The analysis of materials characterisa- 
tion results produced new ideas for the 
correlation of defects with the electri- 
cal properties. S.Rosner from Hewlett 
Packard reported the correlation of 
low mobilities with a high density of 
twist dislocations and that quantum 
well luminescence is non-uniform, 
with the brightest regions having no 
pit-defects. 
Fernando Ponce from Xerox, Palo 
Alto proposed that grain boundaries 
can form active centres but they are 
not observable by photoluminescence. 
Silke Christiansen from the University 
of Erlangen-Nurnberg eported ata 
that correlates non-band edge cathode 
luminescence with defect densities 
and proposed that stacking faults are 
cubic materials embedded in the wurt- 
zite lattice. Additionally, the broad yel- 
low luminescence p ek in the gallium 
nitride PL-spectrum, centred at about 
586 mm is related to screw dislocations 
in the emitting layer. 
Steve DenBaars from University of 
California Santa Barbara reviewed the 
latest results in for GaN device pro- 
cesses and properties, with reports of 
higher room temperature mobilities 
(1500), higher breakdown voltages (> 
340 V), record output power micro- 
wave HEMTs (2.8 W/mm at 8 GHz), a 
record MODFET frequency (50 GHz 
with a transconductance of 140 ms/ 
mm) and switching speeds as high as 
gallium arsenide at higher power le- 
vels, the future for GaN-based electro- 
nic devices is very promising even 
with competition from silicon car- 
bide. 
At higher operating frequencies 
GaN should be the better material for 
power devices, with gallium nitride on 
silicon carbide perhaps being the best 
solution for power transistors. Some 
of the latest device improvements were 
made possible by nitriding the sap- 
phire wafer surface using an ammonia 
preflow, little change was observed for 
optical devices. However, only time 
will tell us whether the best improve- 
ments in GaN device technology still 
wait for gallium nitride wafers and 
homoepitaxy? 
Exhibit 
With about 125 exhibitors, the com- 
mercial exhibit appeared to be normal 
for this location, anumber of the com- 
panies present would provide product 
and services of interest o the com- 
pound semiconductor industry. How- 
ever, some III-V related exhibitors 
were not present here and others did 
not have a full staffing on hand for this 
meeting, perhaps in anticipation of 
the OMVPE Workshop to be held 
two weeks later in Southern Califor- 
nia. But those present expressed satis- 
faction in the quality of the contacts 
made. 
In conclusion, it appeared to be a 
good meeting for III-V technology. 
And, based on recent gallium nitride 
materials and device process achieve- 
ments reported here, it is important 
to mention that in addition to light 
emitting devices, high frequency elec- 
tronic devices will be manufactured in 
the future from the GaN-materials 
system. 
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